Summary
A BASIC computer program for calculation of maximum plate number and minimum analysis time conditions for columns operated at various outlet pressures was presented in 1985 [l]. This sequel reports extensions to the program for n-alkanes separated on polydimethylsiloxane stationary phases, specifically for n-CP through n-Cno on phases equivalent to SE-30 or OV-1. For these solute-phase systems the amount of thermodynamic data available is sufficient to enable calculation of several parameters.
Firstly, the separation temperature is now automatically calculated for a requested capacity ratio, or vice versa. Secondly, the computation of solute diffusivities in the stationary phase has been improved to approach experimental data more realistically, particularly for higher n-alkanes at higher temperatures.
The largest extension to the program is the inclusion of a facility enabling calculation of column sample capacity, minimum detectable amounts for FID and TCD detectors, and column working ranges. These parameters are again calculated for n-alkanes, but are, of course, independent of the nature of the stationary phase. The updated program has been and is being used on a routine basis in our laboratory; it has been found to be reliable and has on numerous instances been proven in the field.
Introduction
Since the publication of some early reports [ 1, 21, a number of papers on computer-assisted examination and optimization of capillary GC columns has recently appeared [3, 4] . In the latter two reports use is made of the extended Golay-Giddings equation, which includes a term for extra-column contributions to the theoretical plate height according to Gaspar et al. [ S ] . This can be a worthwhile addition for computation of optimum conditions for routine GC applications It is, however, our experience that in a research laboratory extra-column band broadening resulting from injection and detection can be virtually eliminated, even in high-speed applications (with typically more than 20000 plates per second 16, 7)) and w e have, therefore, continued to use our program [ 11 with the unaltered Golay-Giddings equation The original program has, however, been extended in several other respects, as will be described below.
In general, literature data on solute diffusion coefficients in different stationary phases are scarce. For n-alkane solutes, separated on polydimethylsiloxane phases, however, more-orless reliable thermochemical data are available [8, 91, and these enable the calculation of diffusion coefficients. With these data, moreover, the capacity factor can be calculated from the separation temperature (or vice versa) as a function of the phase ratio.
This approach differs from that of Villalobos and Annino [3] , whose program includes an internal table of specific retention volumes for n-alkanes and non-polar phases at two temperatures. From these tables their program calculates solute partition ratios at different temperatures, and in this way the capacity factor and/or phase ratio is computed
The saturated vapor pressures of n-alkanes can be calculated by use of the Antoine equation. These pressures can then be used to predict column sample capacities (column loadabilities) for these solutes.
Theory

Capacity Factor and Temperature
The relationship between capacity factor and temperature is given in eq (1)
where Kis the distribution coefficient of the solute, AHand ASare the enthalpy and entropy of evaporation of the solute from the stationary phase, T is the absolute temperature, R the gas constant (1 987 callmoleidegree), k the capacity factor of the solute, and fl the phase ratio where r is the column inner radius, and dr the film thickness of the stationary phase. Millen and Hawkes 181 determined the values of AS and AH for the evaporation of n-alkanes from SE-30:
where Z is the carbon number. For n-alkanes separated on polydimethylsiloxane phases, therefore, the separation temperature, T, can be calculated from the required capacity factor:
or vice versa, 1.e. the capacity factor can be calculated from the given temperature:
where L is the column length, Hthe plate height ( L = N H), and p, and M are, respectively, the saturated vapor pressure and molecular mass ([g/mole] ) of the solute K, is the inlection profile factor, and has a value of 12 for plug inlections The constant Cis determined by the ratio [inlection bandwidth] [bandwidth obtained from the chromatographic column alone] If a 10 % reduction of the plate number (which is 5 % reduction in resolution) can be tolerated, this corresponds to an inlection band width of about 50 % of the bandwidth obtained from the separation process Under these conditions, the constants CdK,n in eq (14) thus combine to produce n d 3
The saturated vapor pressure can be calculated by the Antoine equation (15) lOg(p,) = A -B/(C + T)
Gas/Liquid Diffusion Coefficients
Kong and Hawkes (91 presented an equation for the diffusion coefficient, D,, of n-alkanes in SE-30:
A similar equation was used in our original program [l] :
It has been reported that the values of D, computed by eq. (7) 
Detection limits
The minimum detectable amount is given by eq. (10):
for mass-flow-sensitive detectors (e.g. FID or MS), and eq. (11) for concentration-sensitive detectors (e.g. TCD):
In these equations u i s the peak width (a = tR/dN [s] , where t R is the solute retention time and N the corresponding plate number), R, and S are the detector noise and sensitivity, respectively, and Fd, the flow through the detector (at the pressure and temperature of operation), is given by:
with Lid denoting the linear gas velocity through the detector. In the absence of make-up gas or eluate splitting, the detector flow is equal to the column flow (Fd = F, and ud = u,, the linear velocity at the column outlet) If the detector is operated at the same temperature as the column:
where U and p represent the average gas velocity and pressure, respectively, and Pd is the pressure in the detector.
Sample Capacity
The maximum loadability of a GC column is given by [lo] :
Results and Discussion
Measured and calculated gadliquid diffusion coefficients are compared i n T a b l e 1. It is apparent that eq. (9) For the C2-Cz0 n-alkanes, the constants from the Antoine equation (eq. (15)) were fitted to the constants for the individual alkanes, as published by the API44-TRC project [ 111. Accurate values for the saturated vapor pressures of these n-alkanes were obtained by using the "constants" in Table 2 (with p, expressed in mm Hg): Table 2 Antoine "constants" (X) as a function of the carbon number (2) of n-alkanes: X = a + bZ + cz2. O,iQ,) are provided for minimum time, minimum plate height ( L given), or minimum column length (N given) conditions. A description of the algorithms is given in reference 1; only the program extensions will be discussed here.
After asking for values of k or T, the program considers values lower than 100 to be capacity factors, and those higher than 100 to be separation temperatures [K] . Using eqs (3) and (4), eqs (5) or (6) are computed depending on the value entered.
After calculation of ps from eq. (15) Table 3 . Table 3 Detector sensitivity and noise.
Detector Sensitivity Noise FID (or MS)
Substitution of the data from Table 3 into eqs (10) and ( l l ) , and using eq. [ l ] The term (fl ~ f?.P) in eq (17) should read (2fl -fz. P). In the line following eq. (18), 0 < P < m must be replaced by 1 < P < to 6(Hip) in e q (24) should be h(Hm), and C, in eq (32) should be 
